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A CRITERION FOR I-ADIC COMPLETENESS
PETER SCHENZEL
ABSTRACT. Let I denote an ideal in a commutative Noetherian ring R. Let M be an R-module.
The I-adic completion is defined by MˆI = lim
←− α
M/IαM. Then M is called I-adic complete
whenever the natural homomorphism M → MˆI is an isomorphism. Let M be I-separated, i.e.
∩α IαM = 0. In the main result of the paper it is shown that M is I-adic complete if and only if
Ext1R(F,M) = 0 for the flat test module F = ⊕
r
i=1Rxi where {x1, . . . , xr} is a system of elements
such that Rad I = Rad xR. This result extends several known statements starting with C. U.
Jensen’s result (see [9, Proposition 3]) that a finitely generated R-module M over a local ring R is
complete if and only if Ext1R(F,M) = 0 for any flat R-module F.
1. INTRODUCTION
Let R denote a commutative Noetherian ring. For an ideal I ⊂ R we consider the I-adic
completion. For an R-module M it is defined by lim
←− α
M/IαM = MˆI . In the case of (R,m)
a local ring and a finitely generated R-module M it was shown (see [13]) that the following
conditions are equivalent:
(i) M is m-adic complete.
(ii) Ext1R(F,M) = 0 for any flat R-module F.
(iii) Ext1R(F,M) = 0 for F = ⊕
r
i=1Rxi , where x1, . . . , xr ∈ m are elements that generate an
m-primary ideal.
Here Rx denotes the localization of Rwith respect to {xα|α ∈ N≥0}. This is an extension (in the
local case) of a result of C. U. Jensen (see [9, Proposition 3]) who proved the equivalence of the
first two conditions. The main result of the present paper is an extension to the case of I-adic
completion. More precisely we prove the following result:
Theorem 1.1. Let I be an ideal of a commutative Noetherian ring R. Let M denote an arbitrary R-
module that is I-separated, i.e. ∩α IαM = 0. Then the following conditions are equivalent:
(i) M is I-adic complete.
(ii) ExtiR(F,M) = 0 for all i ≥ 0 and any flat R-module F with F⊗R R/I = 0.
(iii) Ext1R(Rx,M) = 0 for all elements x ∈ I.
(iv) Ext1R(⊕
r
i=0Rxi ,M) = 0 for a system of elements x = {x1, . . . , xr} such that Rad xR = Rad I.
Note that in his paper (see [9, Proposition 3]) C. U. Jensen proved the following: Let R
denote a semi local ring and M a finitely generated R-module. Then M is complete if and only
if Ext1R(F,M) = 0 for all flat (resp. countably generated flat) R-modules F. A different proof
for the vanishing of ExtiR(F,M) for all i ≥ 1, all flat R-modules and M a complete R-module
follows by results of R.-O. Buchweitz and H. Flenner (see [5, Theorem 2]).
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Moreover another criterion for I-adic completeness was shown by A. Frankild and S. Sather-
Wagstaff. Let I ⊂ R an ideal contained in the Jacobson radical of R. Let M be a finitely gener-
ated R-module. In their paper (see [7]) they proved that M is I-adically complete if and only if
ExtiR(Rˆ
I ,M) = 0 for all 1 ≤ i ≤ dimR M, where Rˆ
I denotes the I-adic completion of R.
Whence, the main result of the present paper is the construction of a simple flat test module
F for the completeness of M in the I-adic topology in terms of the vanishing of Ext1R(F,M).
This generalizes the case of the maximal ideal proved in [13]. Instead of Matlis Duality used in
[13] (not available in the case of I-adic topology) here we use some homological techniques.
2. PRELIMINARY RESULTS
In the following R denotes a commutative Noetherian ring. For an ideal I ⊂ R we consider
the I-adic completion. For an R-module M it is defined by lim
←− α
M/IαM = MˆI . We say that M
is I-adically complete whenever the natural homomorphism τ = τ IM : M → Mˆ
I (induced by
the natural surjections M → M/IαM) is an isomorphism. It implies that M is I-separated, i.e.
∩α IαM = 0. We begin with a few preparatory results needed later on.
Proposition 2.1. Let I ⊂ R denote an ideal. Let M denote an R-module such that M ⊗R R/I = 0.
Then M⊗R X = 0 for any R-module X with SuppR X ⊆ V(I).
Proof. The assumption M ⊗R R/I = 0 implies that M = I
αM for all α ≥ 1, or in other words
M⊗R R/I
α = 0. First of all let X be a finitely generated R-module. Then IαX = 0 for a certain
α ∈ N. Therefore
M⊗R X = M⊗R X/I
αX = (M⊗R R/I
α)⊗R X = 0.
If X is not necessarily a finitely generated R-module, then X ≃ lim
−→
Xα for a direct system of
finitely generated submodules Xα ⊂ X ordered by inclusions. Whence SuppR Xα ⊆ V(I) and
M⊗R X = lim−→
(M⊗R Xα) = 0,
as required. 
Let I ⊂ R denote an ideal. For an R-module X the left derived functors ΛIi (X), i ∈ Z,
are defined by Hi(lim−→ α
(R/Iα ⊗R F·)), where F· denotes a flat resolution of X. The functors
ΛIi (·)were first systematically studied by Greenlees andMay (see [8]) and by A.-M. Simon (see
[14]) and more recently in [1] and [11]. Note that there is a natural surjective homomorphism
ΛI0(X) → Xˆ
I . Since R is Noetherian it follows that M/IαM ≃ MˆI/IαMˆI for all α ≥ 1 for any
R-module M (see [16, Section 2.2]). Whence the completion MˆI is I-adically complete.
In the following we will discuss the assumption on the R-module M in Proposition 2.1. It
provides a certain kind of a Nakayama Lemma. Its proof is known (see [14, 5.1] and also [15,
1.3, Lemma (ii)]). Here we add these arguments.
Proposition 2.2. Let I denote an ideal in a commutative Noetherian ring R. Let M denote an arbitrary
R-module. Then M⊗R R/I = 0 if and only if Mˆ
I = 0 and if and only if ΛI0(M) = 0.
Proof. If M ⊗R R/I = 0, then M/I
αM = 0 for all α ≥ 1 and MˆI = lim
←− α
M/IαM = 0. Con-
versely, suppose that MˆI = 0. Then 0 = MˆI/IMˆI ≃ M/IM, as required. If ΛI0(M) = 0, then
clearly MˆI = 0. Let F1 → F0 → M → 0 denote a free presentation of M. If Λ
I
0(M) = 0, then
FˆI1 → Fˆ
I
0 is onto. Therefore F1/IF1 → F0/IF0 is onto too, i.e. M/IM = 0 as required. 
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In the following let x = {x1, . . . , xr} denote a system of elements of R such that Rad xR =
Rad I. Then we consider the Cˇech complex Cˇx of the system x (see e.g. [11, Section 3]). Note
that this is the same as the complex K∞(x) introduced in [1] as the direct limit of the Koszul
complexes K·(xn). There is a natural morphism Cˇx → R.
In our context the importance of the Cˇech complex is the following result. It allows the
expression of the right derived functors ΛIi (·) in different terms.
Theorem 2.3. Let I ⊂ R denote an ideal of a commutative Noetherian ring R. Let M denote an
R-module. Then there are natural isomorphisms
ΛIi (M) ≃ Hi(HomR(Cˇx, ER(M)
·))
for all i ∈ Z, where ER(M)
· denotes an injective resolution of M.
Proof. This statement is one of the main results of [11, Section 4]. In the formulation here we
do not use the technique of derived functors and derived categories. (For a more advanced
exposition based on derived categories and derived functors the interested reader might also
consult [1].) 
Let us summarize a few basic results on completions used in the sequel. The following
results are well-known.
Proposition 2.4. Let J ⊂ I denote ideals of a commutative Noetherian ring. Let x = {x1, . . . , xr}
denote a system of elements of R. Let M denote an R-module.
(a) Suppose that M is I-adic complete. Then it is also J-adic complete.
(b) Suppose that Rad I = Rad xR. Assume that M is complete in the xiR-adic topology for i =
1, . . . , r and M is I-separated. Then M is I-adic complete.
Proof. For the proof of (a) see [16, 2.2.6]. Let MˆI denote the I-adic completion of M. Because
the I-adic topology and the topology defined by {(xα1 , . . . , x
α
r )R}α≥0 are equivalent it follows
MˆI ≃ lim
←− α
M/(xα1 , . . . , x
α
r )M. Therefore an element m ∈ Mˆ
I has the form m = ∑α≥0 ∑
r
i=1 x
α
i mα,i
with mα,i ∈ M. Since M is xiR-adically complete M ≃ lim←− α
M/xαi M and mi = ∑α x
α
i mα,i for
somemi ∈ M. Thenm
′ = ∑ri=1mi ∈ Mmaps tom under τ : M → Mˆ
I . BecauseM is I-separated
it is I-adically complete. This proves (b). 
The following result is helpful in order to compute projective limits of Ext-modules. Here
lim
←−
1 denotes the first right derived functor of the projective limit (see [17]).
Let M denote an R-module and x ∈ R. We consider the following projective system {M, x},
where Mα = M for all α ∈ N and the transition map Mα+1
x
→ Mα is the multiplication by x.
Lemma 2.5. With the previous notation it follows that
lim
←−
i{M, x} ≃ ExtiR(Rx,M) for i = 0, 1 and Ext
i
R(Rx,M) = 0 for all i ≥ 2.
If M is xR-separated, then lim
←−
{M, x} = HomR(Rx,M) = 0.
Proof. Let {R, x} denote the direct system with Rα = R for all α ∈ N and the transition map
Rα
x
→ Rα+1 is the multiplication by x. Then Rx ≃ lim−→ α
{R, x} as it is well known. Therefore,
HomR({R, x},M) ≃ {M, x}. Now, by [12, Lemma 2.6] (see also Lemma 4.1) there are short
exact sequences
0→ lim
←−
1{Exti−1R (R,M), x} → Ext
i
R(Rx,M)→ lim←−
{ExtiR(R,M), x} → 0
for all i ∈ Z. Whence the results of the first part follow. If M is xR-separated, the vanishing of
HomR(Rx,M) is easy to see. 
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The previous result is a slight modification of Lemma [13, Lemma 2.7].
Remark 2.6. A morphism of two complexes X· → Y· of R-modules is called a quasi-isomor-
phism (or homology isomorphism) whenever the induced homomorphisms on the cohomo-
logy modules Hi(X·) → Hi(Y·) are isomorphisms for all i ∈ Z. For the definitions of
HomR(X
·,Y·) and X· ⊗R Y
· we refer to [17] and [2]. For the details on homological algebra of
complexes of modules we refer to [2].
3. ON I-ADIC COMPLETIONS
Let I ⊂ R denote an ideal of a commutative Noetherian ring R. In the first main result we
shall prove a vanishing result for a certain Ext-module for an I-adic complete R-module.
Theorem 3.1. Let M denote an arbitrary R-module. Let F denote a flat R-module satisfying F ⊗R
R/I = 0. Then ExtiR(F, Mˆ
I) = 0 for all i ∈ Z.
Proof. For the proof we use the techniques summarized in Theorem 2.3. To this end we fix a
few notation. Let x = {x1, . . . , xr} denote a system of elements of R such that Rad xR = Rad I.
Let Cˇx denote the Cˇech complex with respect to x as defined in [11, Section 3]. It is a bounded
complex of flat R-modules with a natural morphism Cˇx → R of complexes. Let E· denote an
injective resolution of MˆI as an R-module. By applying HomR(·, E
·) it induces a morphism of
complexes E· → HomR(Cˇx, E
·).
Next we investigate the complex HomR(Cˇx, E
·). It is a left bounded complex of injective R-
modules. Moreover, by virtue of Theorem 2.3 it follows that ΛIi (Mˆ
I) ≃ Hi(HomR(Cˇx, E
·)) for
all i ∈ Z. Therefore Hi(HomR(Cˇx, E
·)) = 0 for all i 6= 0 and H0(HomR(Cˇx, E
·)) ≃ MˆI since
MˆI is I-adic complete and ΛIi (Mˆ
I) = 0 for all i > 0 (see [14, 5.2]). Therefore, the morphism
E· → HomR(Cˇx, E
·) is a quasi-isomorphism.
Now we consider the complexes
HomR(F, HomR(Cˇx, E
·)) ≃ HomR(F⊗R Cˇx, E
·).
We claim that they are homologically trivial complexes. For that reason it will be enough to
show that F ⊗R Cˇx is homologically trivial since E
· is a bounded below complex of injective
R-modules. Since F is a flat R-module it yields that Hi(F ⊗R Cˇx) ≃ F ⊗R H
i(Cˇx) = 0 for
all i ∈ Z. For the vanishing apply Proposition 2.1 with Hi(Cˇx) ≃ HiI(R) for all i ∈ Z and
SuppR H
i
I(R) ⊆ V(I).
As shown above E· → HomR(Cˇx, E
·) is a quasi-isomorphism of left bounded complexes of
injective R-modules. Applying the functor HomR(F, ·) induces a quasi-isomorphism
HomR(F, E
·)→ HomR(F, HomR(Cˇx, E
·)).
The complex at the right is cohomologically trivial, while the cohomology of the complex at
the left is ExtiR(F, Mˆ
I). Therefore, the Ext-modules vanish, as required. 
In the following result we prove another behaviour of certain Ext-modules in respect to the
I-adic completion.
Theorem 3.2. Let I ⊂ R denote an ideal. Let M,X be arbitrary R-modules with τ : M → MˆI the
natural map. Suppose that SuppR X ⊆ V(I). Then
(a) ExtiR(X, Mˆ
I/τ(M)) = 0 and
(b) the natural homomorphism ExtiR(X,M)→ Ext
i
R(X, Mˆ
I) is an isomorphism
for all i ∈ N .
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Proof. Let x = {x1, . . . , xr} denote elements of R such that Rad xR = Rad I. Let Cˇx denote the
Cˇech complex with respect to x. Then there is a short exact sequence of complexes
0→ Dx[−1] → Cˇx → R→ 0,
where Dx is the global Cˇech complex. That is D
i
x = Cˇ
i+1
x for i ≥ 0 and D
i
x = 0 for i < 0. Now let
E· denote an injective resolution of M. By applying the functor HomR(·, E
·) to the short exact
sequence of complexes it provides a short exact sequence
0→ E· → HomR(Cˇx, E
·)→ HomR(Dx[−1], E
·) → 0
of left bounded complexes of injective R-modules. The complex in the middle is an injec-
tive resolution of MˆI as follows by 2.3 and the fact that MˆI is I-adic complete (see [14, 5.2]).
Therefore the complex at the right is quasi-isomorphic to MˆI/τ(M) considered as a complex
concentrated in homological degree zero. In order to prove the statement in (a) let L· denote a
projective resolution of X. Then ExtiR(X, Mˆ
I/τ(M)) ≃ Hi(HomR(L·, HomR(Dx[−1], E
·))) (see
[2]) and it will be enough to show that the last modules vanish for all i ∈ Z.
To this end consider the isomorphism of complexes
HomR(L·, HomR(Dx[−1], E
·)) ≃ HomR(L· ⊗R Dx, E
·)[1].
Now Dx is a bounded complex of flat R-modules. Therefore there is the quasi-isomorphism
L· ⊗R Dx → X ⊗R Dx. It will be enough to show that the complex X ⊗R Dx is homologically
trivial. But this is true since X⊗R D
i
x = 0 for all i ∈ Z because of SuppR X ⊆ V(I). This proves
the statement in (a).
By view of the above investigations there is a quasi-isomorphism E· → HomR(Cˇx, E
·)where
the second complex is an injective resolution of MˆI . This proves the statement in (b). 
Wewill continue with a result on the vanishing of certain Ext-modules. As a step towards to
our main result we shall prove a partial result in order to characterize the completion.
Theorem 3.3. Let R denote a commutative Noetherian ring. Let M denote an arbitrary R-module. Let
x ∈ R be an element such that 0 :M x
α = 0 :M x
β for all α ≥ β. Then the following conditions are
equivalent:
(i) M is xR-adic complete.
(ii) ExtiR(Rx,M) = 0 for i = 0, 1.
Proof. Let N = ∪α≥10 :M x
α. Then N = 0 :M x
β as follows by the definition of β. That is, in both
of the statements we may replace x by xβ without loss of generality. That is, we may assume
that xN = 0. Then there is a commutative diagram with exact rows:
0→ M/N
xα+1
−→ M → M/xα+1M → 0
↓ x ‖ ↓
0→ M/N
xα
−→ M → M/xαM → 0.
By passing to the inverse limit it provides an exact sequence
0→ lim
←−
{M/N, x} → M → Mˆx → lim
←−
1{M/N, x} → 0.
By view of Lemma 2.4 it yields that lim
←−
i{M/N, x} ≃ ExtiR(Rx,M/N) for i = 0, 1. Furthermore,
the short exact sequence 0 → N → M → M/N → 0 induces an isomorphism ExtiR(Rx,M) ≃
ExtiR(Rx,M/N). This follows by the long exact cohomology sequence and Ext
i
R(Rx,N) = 0 for
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all i ∈ Z. For this vanishing note that the multiplication by x acts on Rx as an isomorphism
and on N as the zero map.
That is, the homomorphism M → Mˆx is an isomorphism, if and only if ExtiR(Rx,M) = 0 for
i = 0, 1 which proves (i)⇐⇒ (ii). 
Proof of Theorem 1.1. The implication (i) =⇒ (ii) is a consequence of Theorem 3.1. Moreover, the
implications (ii) =⇒ (iii) is trivial and (iii) =⇒ (iv) is easy to see. In order to prove (iv) =⇒ (i)
we first note that Ext1R(Rxi , R) = 0 for all i = 1, . . . , r. By Theorem 3.3 this implies that M is xiR-
adically complete for i = 1, . . . , r. Since x = {x1, . . . , xr} generates I up to the radical it follows
that M is I-adic complete by Proposition 2.4 since M is I-adic separated. This completes the
proof. 
4. AN ALTERNATIVE PROOF OF THEOREM 3.1
In this section there is an alternative proof of Theorem 3.1 based on some results on inverse
limits. The results of the following two lemmas might be also of some independent interest.
These statements are particular cases of certain spectral sequences on inverse limits (see [10]).
Here we give an elementary proof based on the description of lim
←−
1 as discussed in [17].
Lemma 4.1. Let R denote a commutative ring. Let {Mα}α∈N be a direct system of R-modules. Let N
denote an arbitrary R-module. Then there is a short exact sequence
0→ lim
←−
1 Exti−1R (Mα,N) → Ext
i
R(lim−→
Mα,N) → lim←−
ExtiR(Mα,N) → 0
for all i ∈ Z.
Proof. This result was proved in ([12, Lemma 2.6]) for a Noetherian ring. The same arguments
work in the general case. 
In the following we need a certain dual statement of Lemma 4.1. In a certain sense it will be
the key argument for the second proof of Theorem 3.1.
Lemma 4.2. Let R denote a commutative ring. Let M denote an arbitrary R-module. Let {Nα}α∈N be
an inverse system of R-modules with lim
←−
1Nα = 0. Then there is a short exact sequence
0→ lim
←−
1 Exti−1R (M,Nα)→ Ext
i
R(M, lim←−
Nα)→ lim←−
ExtiR(M,Nα)→ 0
for all i ∈ Z.
Proof. Because of lim
←−
1Nα = 0 there is a short exact sequence
0→ lim
←−
Nα → ∏Nα → ∏ Nα → 0,
where the third homomorphism is the transition map (see [17]). It induces a long exact coho-
mology sequence
· · · → ∏Exti−1R (M,Nα)
f
→ ∏ Exti−1R (M,Nα)→ Ext
i
R(M, lim←−
Nα)
→ ∏ExtiR(M,Nα)
g
→ ∏ ExtiR(M,Nα) → · · · .
To this end recall that Ext transforms direct products into direct products in the second variable
and cohomology commutes with direct products (see e. g. [6]). Now it is known (see e.g. [17])
that
Coker f ≃ lim
←−
1 Exti−1R (M,Nα) and Ker g = lim←−
ExtiR(N,Nα).
This completes the proof. 
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Remark 4.3. The assumption that lim
←−
1Nα = 0 is fulfilled whenever the projective system {Nα}
satisfies the Mittag-Leffler condition. That is, for instance when the transition map Nα+1 → Nα
is surjective for all α ≥ 1.
Note that the proof of the following Theorem is motivated by some arguments done by
Buchweitz and Flenner (see [5]).
Theorem 4.4. Let R denote a commutative ring. Let M denote an R-module. Let F denote a flat
R-module satisfying F⊗R R/I = 0. Then Ext
i
R(F, Mˆ
I) = 0 for all i ∈ Z.
Proof. By definition we have MˆI = lim
←− α
M/IαM. By Lemma 4.2 there is a short exact sequence
0→ lim
←−
1 Exti−1R (F,M/I
αM)→ ExtiR(F, Mˆ
I) → lim
←−
ExtiR(F,M/I
αM)→ 0.
In order to show the vanishing of ExtiR(F, Mˆ
I) for all i ∈ Z it will be enough to show the
vanishing of Exti(F,M/IαM) for all i ∈ Z and all α ≥ 1. We claim that
ExtiR(F,M/I
αM) ≃ ExtiR/Iα(F/I
αF,M/IαM)
for all i ∈ Z and all α ≥ 1. In order to show these isomorphisms let L· be a projective resolution
of F as an R-module. As F is flat as an R-module TorRi (F, R/I
α) = 0 for all i > 0 and L·⊗R R/I
α
is a projective resolution of F/IαF as an R/Iα-module. By adjunction there are isomorphisms
of complexes
HomR/Iα(L· ⊗R R/I
α,M/IαM) ≃ HomR(L·,M/I
αM).
By taking cohomology it proves the above claim. The vanishing follows now because of
F/IαF = 0 as a consequence of the assumption F⊗R R/I = 0. 
Remark 4.5. In fact Theorem 4.4 is a slight sharpening of Theorem 3.1. To this end recall that for
an R-module M and an ideal I ⊂ R the I-adic completion MˆI is not necessarily I-adic complete
(as used in the proof of Theorem 3.1). For an explicit example see J. Bartijn’s Thesis [3, I, §3,
page 19]. Note that in this example the ring is not Noetherian. It grows out of [4, III, §2, Exerc.
12]. See also A. Yekutieli (see [18, Example 1.8]).
ACKNOWLEDGEMENTS
The author thanks Anne-Marie Simon and the reviewer for a careful reading of the manu-
script and suggesting some comments.
REFERENCES
[1] L. ALONSO TARRIˆO, A. JEREMIAS LO´PEZ, J. LIPMAN: ‘Local homology and cohomology of schemes’, Ann.
scient. E´c. Norm. Sup., 4e se´r. 30 (1997), 1-39. 2, 3
[2] L. L. AVRAMOV, H.-B. FOXBY: ‘Homological dimensions of unbounded complexes’, J. Pure Appl. Algebra
71 (1991), 129-155. 4, 5
[3] J. BARTIJN: ‘Flatness, completions, regular sequences, un me´nage a` trois, Thesis, Utrecht, 1985. 7
[4] N. BOURBAKI: ‘Algebre` commutative’, Hermann, Paris, 1961. 7
[5] R.-O. BUCHWEITZ, H. FLENNER: ‘Power series rings and projectivity’, Manuscripta math. 119 (2006), 107-
114. 1, 7
[6] E. E. ENOCHS, O. JENDA: ‘Relative Homological Algebra’, 2nd revised ed., Walter de Gruyter, Berlin, 2011.
6
[7] A. FRANKILD, S. SATHER-WAGSTAFF: ‘Detecting completeness from Ext-Vanishing’, Proc. Amer. Math. Soc.
136 (2008), 2303-2312. 2
[8] J. P. C. GREENLEES, J. P. MAY: ‘Derived functors of the I-adic completion and local homology’, J. Algebra
149 (1992), 438-453. 2
[9] C. U. JENSEN: ‘On the vanishing of lim
←−
(i)’, J. Algebra 15 (1970), 151-166. 1
8 PETER SCHENZEL
[10] C. U. JENSEN: ‘Les foncteurs de´rive´s de lim
←−
et leurs applications en the´orie des modules’, Lecture Notes in
Math. 254, Springer, 1972. 6
[11] P. SCHENZEL: ‘Proregular sequences, local cohomology, and completion’, Math. Scand. 92 (2003), 181-180. 2,
3, 4
[12] P. SCHENZEL: ‘On the structure of the endomorphism ring of a certain local cohomologymodule’, J. Algebra
344 (2011), 229-245. 3, 6
[13] P. SCHENZEL: ‘A criterion for completeness’, to appear. 1, 2, 4
[14] A.-M. SIMON: ‘Some homological properties of complete modules’, Math. Proc. Cambr. Phil. Soc. 108 1990,
231-246. 2, 4, 5
[15] A.-M. SIMON: ‘Adic - completion and some dual homological results’, Publ. Matematiques Univ. Autonoma
de Barcelona 36, No. 2, 1992, 965-979. 2
[16] J. STROOKER: ‘Homological questions in local algebra’, London Math. Lect. Note Ser. 145, Cambridge Univ.
Press, 1990. 2, 3
[17] C. WEIBEL: ‘An introduction to homological algebra’, Cambridge Univ. Press, 1994. 3, 4, 6
[18] A. YEKUTIELI: ‘On flatness and completion for infinitely generated modules over noetherian rings’, Comm.
Algebra 39, No. 11, 2011, 4221-4245. 7
MARTIN-LUTHER-UNIVERSITA¨T HALLE-WITTENBERG, INSTITUT FU¨R INFORMATIK, D — 06 099 HALLE
(SAALE), GERMANY
E-mail address: peter.schenzel@informatik.uni-halle.de
